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maritzburg 
Kinetin-induced growth of soybean callus was inhibited 
when hypoxoside was included in the nutrient medium. 
However, the antagonistic effect of the phenolic compound 
was lost with time and this coincided with an accumulation 
of hypoxoside in the vacuoles of the soybean callus cells. 
As the hypoxoside seemed to have no lasting toxic effects 
on the callus, yet inhibited cell division for a limited period 
of time, its effects on [8 - 14C] kinetin metabolism were 
investigated. However, hypoxoside appeared to have no 
effect on the rate of kinetin metabolism and thus the 
manner in which it inhibits cell division remains unclear. 
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Kinetien-ge"induseerde groei van sojaboon-kallus is 
geinhibeer as hipoksosied in die voedingsmedium ingesluit 
is. Hierdie antagonistiese effek van die fenoliese verbinding 
het met die tyd verminder. Hierdie remming van kallusgroei 
het gepaard gegaan met 'n opeenhoping van hipoksosied in 
die vakuole van die sojaboon-kallusselle. Omdat die 
hipoksosied skynbaar geen permanente toksiese effek op 
die kallus gehad het nie maar nogtans seldeling vir 'n 
beperkte tyd geinhibeer het, is die effek daarvan op die 
metabolisme van [8 - 14C]-kinetien bestudeer. Hipoksosied 
het skynbaar geen effek op die tempo van kinetien-
metabolisme gehad nie, gevolglik is dit tans nog onduidelik 
hoe hierdie verbinding seldeling inhibeer. 
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Introduction 
Hypoxoside (E)- 1,5 - bis (3 ' , 4 ' -dihydroxyphenyl) pent-4-
en-1-yne is an unusual diglucoside recently isolated from the 
corms of Hypoxis obtusa (Marini-Bettolo eta/. 1982). Infusions 
of the plant are used for combating urinary diseases (Marini-
Bettolo et a/. 1982) and attempts are currently being made 
to establish the medicinal and biological properties of this 
phenolic substance (Drewes et a/. 1984). Hypoxoside, which 
is considered as one, if not the major active medicinal com-
ponent, is also present in relatively high (4- 50Jo) concentra-
tions in the corms of Hypoxis rooperi (Drewes eta/. 1984). Its 
role in plant growth, as is the case with phenolic compounds 
in general (Riberau-Gayon 1972), remains to be established. 
Attempts are currently being made to determine the biological 
properties, and to elucidate the biosynthesis of hypoxoside 
which accumulates in Hypoxis corms. This paper reports on 
its effect on soybean callus growth and on the metabolic 
activity of the callus. 
Materials and Methods 
Hypoxoside, isolated and purified from Hypoxis rooperi S. 
Moore corms was a gift from Professor S.E. Drewes, Che-
mistry Department, University of Natal, Pietermaritzburg. The 
compound was fed to cytokinin dependent soybean callus 
(Glycine maxcv. Acme) cultured on a medium which contained 
10 - 5 M kinetin, a concentration which has previously been 
shown to be optimum for its growth (Van Staden & Forsyth 
1985). Experiments were conducted to determine, firstly, the 
effects of hypoxoside concentration on callus growth, secondly, 
the extent to which any observed effect would be maintained, 
and thirdly, its effect on the rate of kinetin metabolism within 
the callus. In order to ensure that no agar adhered to the 
callus at the different harvest times, sterile filter paper discs 
were placed on top of the agar once it had set. In all cases 
ten replicate flasks were used per treatment. Three pieces of 
soybean callus approximately 20 mg in weight were cultured 
in each flask. The medium used, apart from the additions 
of hypoxoside and kinetin, was that routinely employed for 
the soybean callus bioassay (Miller 1965). The soybean callus 
was harvested at regular intervals, its fresh mass determined, 
and a representative piece embedded for electron microscopy 
according to techniques previously described (Gilliland & Van 
Staden 1983). The remaining callus was frozen and subsequent-
ly analyzed for hypoxoside. 
The presence of hypoxoside within the cultured callus was 
verified by electron microscopy as the feeding of the com-
pound to the callus resulted in the appearance of osmiophilic 
globules within the tissue. That the appearance of these 
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globules was associated with the presence of hypoxoside was 
confirmed by means of TLC and HPLC techniques. The 
frozen callus samples were homogenized with ethanol, filtered 
and the filtrate concentrated in vacuo at 40°C. The residues 
were redissolved in 800Jo ethanol and the samples streaked 
onto Merck silica gel 60PFzs4 TLC plates. The constituents 
of the extracts were separated using n-butanol: acetic acid: 
diethylether: water (9:6:3:1) as solvent. The UV bands which 
co-chromatographed with hypoxoside were eluted from the 
silica gel with 800Jo ethanol, concentrated and again applied 
to silica gel plates. These plates were then developed using 
sec-butanol: benzene: water: methanol (4:3:2: 1) as solvent. 
Those UV bands having similar Rf values to hypoxoside were 
again eluted, concentrated and subjected to HPLC analysis. 
The extracts obtained were fractionated on a Varian 5000 
HPLC apparatus by means of reversed phase chromato-
graphy. Column Hypersil 5 ODS (C 18 bonded, 250 x 4 mm 
i.d. ), flow rate 1 ,5 cm3 min- 1, mobile phase acetonitrile: water 
(20:80). Absorbance was recorded with a Varian variable 
wavelength monitor which was fitted with a 8 mm3 flow-
through cell at 265 nm. 
To establish the effect of hypoxoside on the rate of kinetin 
metabolism soybean callus was incubated in a half-strength 
Miller's medium (1965) containing 5 x 10- 5 M hypoxoside 
and [8 - 14C] kinetin (specific activity 1,85 MBq m mol - 1, 
Amersham) or [8 - 14C] kinetin alone for 8, 24 and 48 h. 
After each treatment the contents of each flask were homo-
genized with 800Jo ethanol, filtered, and the ethanolic extract 
reduced to 1 cm3 under vacuum at 35°C. The extracts obtained 
were fractionated on Sephadex LH- 20 columns (2,5 x 93 
em) using 350Jo ethanol as eluant (Armstrong et a/. 1969). 
Fractions of 40 cm3 were collected and aliquots of 1 cm3 from 
each fraction used for the detection of radioactivity. Four cm3 
Beckman Ready-Solve EP were added to each counting vial 
(8 cm3) and these counted in a Beckman LS 3800 instrument. 
For HPLC analysis aliquots of the peaks of radioactivity 
which were detected after Sephadex LH - 20 fractionation 
were separated on a Hypersil 5 ODS column (4,6 x 250 mm) 
using a Varian 5000 instrument. Samples were eluted with a 
linear gradient of methanol (5 - 500Jo over 90 mm). The 
aqueous buffer consisted of 0,2 M acetic acid, adjusted to 
pH 3,5 with triethylamine (Lee eta/. 1985). Fractions of 1 
cm3 were collected and counted in Ready Solve EP. 
Results and Discussion 
As is well documented (Miller 1965) the presence of kinetin 
in the culture medium stimulated the growth of cytokinin-
dependent soybean callus (Figure 1). This stimulation was 
greatly reduced by the presence of 3 x 10- 4 M or 5 x 10- 4 
M hypoxoside in the medium. A concentration of 7 x 10- 4 
M almost completely inhibited callus growth. For this reason 
subsequent experiments in which attempts were made to 
determine the fate and localization of hypoxoside in the callus 
were conducted routinely with 5 x 10- 4 M hypoxoside. The 
typical growth pattern found during these experiments is 
depicted in Figure 2. In all cases callus growth was reduced 
by hypoxoside. It was not totally inhibited however. Long 
term experiments (results not shown) indicated that the in-
hibitory effect was gradually reduced with time and that callus 
growth was eventually resumed. This suggests that hypoxoside, 
which apparently is non-toxic (Drewes eta/. 1984), loses its 
effect either as a result of metabolism or due to localization 
within the callus cells. 
Within the corm cells of Hypoxis rooperi where hypoxoside 
accumulates in excess of 40Jo of the fresh mass of the storage 
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Figure I The effect of different concentrations of hypoxoside on the 
growth of soybean callus cultured on a medium containing !0 - 5 M 
kinetin. Control (e - e); 3 x !0- 4 M (0 - 0); 5 x !0 - 4 M 
(11-11); and 7 x 10 - 4 M (6 - D.) hypoxoside. (Bar = LSD; P = 0,05). 
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Figure 2 The effect of 5 x !0 - 4 M hypoxoside on the growth of 
soybean callus cultured on a medium containing !0 - 5 M kinetin. Kinetin 
only (e - e); kinetin plus hypoxoside (0 - - 0). (Bar = LSD; P = 
0,05). 
organ, most of the compound is apparently associated with 
numerous osmiophilic globules found in the cell vacuoles 
(Figure 3). Small osmiophilic granules are also attached to 
the cell membranes and the ER. At the electron microscopic 
level it is difficult to differentiate between lipids and phenols 
following treatment with osmic acid. For this reason an FeCh 
technique was employed in an attempt to verify that the 
observed osmiophilic globules were indeed phenolic in nature 
(Brisson et al. 1976). The results were positive and indicated 
that a major portion of the phenolics in the long-lived corm 
of Hypoxis rooperi is indeed localized within the cell vacuoles. 
Soybean callus cells cultured on kinetin for 1 week were 
generally highly vacuolated with little granular or osmiophilic 
material in the vacuoles themselves. The nuclei were large and 
sometimes lobed and numerous mitchondria, dictyosomes, ER 
and ribosomes could be observed in the cytoplasm (Figure 4). 
This situation did not change over the 3 weeks during which 
callus growth was monitored. Callus growth was not only a 
function of cell enlargement but cell division did occur as is 
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Figure 3 Electron micrograph showing osmiophilic globules (OG) in 
the vacuoles and osmiophilic granules associated with the ER and 
membranes in a Hypoxis rooperi corm cell. 
Figure 4 Electron micrograph of a soybean callus cell cultured in the 
presence of 10 - 5 M kinetin for l week. Nuclei were large and sometimes 
lobed (N). The cytoplasm contained numerous mitochondria (M). 
Figure 5 Newly formed cell wall (CW) in soybean callus cultured on 
10- 5 M kinetin for 3 weeks. 
indicated by the presence of newly formed cell walls (Figure 5). 
At no time did osmiophilic globules accumulate in the control 
callus. In the hypoxoside-treated callus such globules were 
present in the cytoplasm after 1 week of culture (Figure 6). 
After 3 weeks phenolic globules were still present in the 
cytoplasm. By this time however, the tonoplast was very 
electro dense and phenolic globules started to accumulate 
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Figure 6 Electron micrograph of a soybean callus cell cultured on 10- 5 
M kinetin and 5 x 10-4 M hypoxoside for I week. Osmiophilic globules 
(OG) were present in the cytoplasm. 
Figure 7 Electron micrograph of a soybean callus cell cultured on 10- 5 
M kinetin and 5 x 10- 4 M hypoxoside for 3 weeks. Osmiophilic globules 
(OG) were still present in the cytoplasm. They were however, also found 
in the vacuoles and the tonoplast was very electro dense in appearance. 
within the vacuoles (Figure 7). While it was not possible to 
establish to what extent hypoxoside was metabolized, it is 
noteworthy that a considerable amount of the applied com-
pound was still present in the callus in an unrnetabolized form 
after 3 weeks of culture. TLC purification and HPLC frac-
tionation of an ethanolic extract made from the callus yielded 
one major UV peak which has a similar retention time to that 
of authentic hypoxoside (Figure 8). 
The present results showed that hypoxoside acted antagon-
istically to kinetin with respect to cell division. The phenolic 
compound apparently only suppressed this process while a 
major portion of it was present in the cell cytoplasm. Once 
it was localized within osmiophilic globules in the vacuole, 
cell division and expansion was resumed. Hypoxoside was 
non-toxic to the callus and it is clear from the ultrastructural 
observations that no visible damage or malformation to the 
soybean callus cells occurred. 
The temporary suspension of the cell division properties 
of kinetin by hypoxoside is of interest as it suggests that the 
hypoxoside may have delayed the metabolism of the kinetin 
molecule which is normally very rapidly metabolized by soy-
bean callus (Van Staden & Forsyth 1985). The present study 
confirmed the rapid metabolism of kinetin by soybean callus. 
Eight hours after the application of kinetin, five peaks of 
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Figure 8 Separation of hypoxoside by reversed-phase HPLC. The extract 
was obtained from soybean callus cultured on 10 - 5 M kinetin and 5 
x 10- 4 M hypoxoside for 3 weeks. Purification was by means of TLC 
as described under Materials and Methods. 
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radioactivity were detected in the callus (Figure 9 A & B) . 
These peaks were present irrespective of whether hypoxoside 
was incorporated into the medium or not. If anything, it would 
appear as if the hypoxoside stimulated, rather than retarded, 
the initial rate of metabolism (Table 1). After 48 h, only two 
polar peaks of radioactivity were detected in the callus. The 
Table 1 Radioactivity (%) associated with the 
different peaks detected after soybean callus, 
which had been treated for 8, 24 and 48 h, was 
fractionated on a Sephadex LH-20 column 
Treatment 
Kinetin plus 
Kinetin only hypoxoside 
Elution volume of Time (h) Time (h) 
radio-active peak 
(cm3) 8 24 48 8 24 48 
200 - 320 2 19 33 6 25 29 
320 -420 9 39 56 12 44 64 
600 -720 (Ade) 18 12 34 17 
760 -840 (KR) 4 3 
960 - 1080 (K) 46 3 20 
1200 1600 
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Figure 9 Radioactivity (e - e) detected after the extracts obtained from soybean callus which had been treated with labelled kinetin in the 
absence (A) and presence of hypoxoside (B) for 8 h were fractionated on a Sephadex LH- 20 column using 35 OJo ethanol as eluant. The peaks 
of radioactivity which co-eluted with Adenine (6 - 6), ribosylkinetin (0 - 0) and kinetin (e - e) were subjected to HPLC analysis (C) 
and the radioactive peaks compared with the UV peaks of authentic markers. Ade = adenine, Ado = adenosine, KR = ribosylkinetin, K = kinetin. 
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peak which co-eluted with kinetin, as confirmed by HPLC 
(Figure 9 C e - e) was barely detectable after 24 h and 
absent after 48 h. A small proportion of radioactivity co-eluted 
with ribosylkinetin after 8 h. HPLC analysis confirmed that 
this transient peak co-chromatographed with ribosylkinetin 
(Figure 9 C 0 - 0). A major metabolite present after 8 h 
co-chromatographed with adenine (Figure 9 C !::::. - !::::.). 
However, this metabolite was no longer detectable after 48 h. 
At this time only two metabolites were present. These had 
elution volumes of 200 to 320 cm3 and 320 to 440 cm3• The 
chromatographic mobilities of these two polar peaks were not 
affected by treatment with alkaline phosphatase or P-
glucosidase (Lee eta!. 1985). In an earlier report conducted 
over 24 h and longer, no proof for the formation of ribo-
sylkinetin in soybean callus was found (Van Staden & Forsyth 
1985). This study indicated that such a molecule is present 
after 8 h but that it is itself metabolized rapidly and is not 
long-lived within the callus. Even adenine, which initially is 
the major metabolite detected, is rapidly metabolized. From 
the present results it is clear that the antagonistic effect of 
hypoxoside is not affected by a reduction in the rate of kinetin 
metabolism within the callus. 
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